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The IR spectrum of copper caprylate exhihits only one absorption band at about
1580 cm '1 which has been assigned to the binuclear configuration of copper soaps. The
magnetic and spectroscopic studies confirm that the binuclear structure of copper capryla
te persists in solutions. The absorption band near 375 m^ reveals the presence of coppercopper linkage and thus establishes the binuclear configuration of copper soaps in mixed
solvents. The behaviour of copper soap and copper salt solutions is quite different and the
absorption m axima are observed a t different wavelengths.
The behaviour of copper soaps in organic media has
been investigated by studying the various physical
properties (viz. solubility, surface tension, parachor,
viscosity, refractive index, colorimetry and magnetic
susceptibility) by M e h r o t r a et al.1. The present work
has been initiated with a view to determining the
structure of copper caprylate in solid state by IR
spectroscopy and the dispersion state of copper capry
late in mixtures of dioxane and ethanol of varying
composition from the magnetic susceptibility and spectrophotometric studies.

slight excess of the required amount of copper sul
phate solution at 5 0 — 55 °C. The dark green pre
cipitated soap was washed several times with hot
distilled water then with alcohol to remove the free
precipitant and the acid, respectively. After initial
drying in an air over at 100— 105°C , the final dry
ing was carried out under reduced pressure. The soap
was crystallised in hot benzene, dried and ultimately
analysed for the metal content.
The solutions of copper soap were prepared by dis
solving the calculated amount of the soap in a stand
ard flask by adding the required amount of dioxane
and ethanol. In this way a number of solutions of 0°/o
to 100°/o ethanol, were prepared. Care was taken to
avoid traces of water which were found to hydrolyse
the soap.

E x p e rim e n ta l
Materials: The n-caprylic acid (B.D.H.) was puri
fied by keeping over anhydrous sodium sulphate for a
week and then distilling under reduced pressure. The
fraction at 2 3 7 — 238 °C was collected for the pre
paration of the soap.
Dioxane (B.D .H . Analar) was refluxed for 48 hours
with sodium hydroxide and then distilled twice. The
distillate was kept overnight over metallic sodium and
finally distilled, and the fraction at 101.0 °C was col
lected. The dioxane thus obtained was kept in an at
mosphere of nitrogen and was utilised within 48 hours.
Ethanol was purified by keeping over potassium
hydroxide for 24 hours and then distilled. The distil
late was refluxed with 1 % of calcium metal for 7— 9
hours and again distilled. The fraction at 78.5 °C was
collected.
Copper caprylate was prepared by the direct meta
thesis of the corresponding sodium caprylate with the
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A p p aratu s
Magnetic measurements: The magnetic susceptibili
ties of copper soap solutions in dioxane-ethanol mix
tures were determined by a G o u y type magnetic
balance at room temperature. The molar susceptibility
and magnetic moment // of copper ion were
calculated by the method described in a previous com
munication ! .
Optical measurements: The absorption measure
ments in the region of 3 0 0 — 550 m/u were carried out
with Hilger’s Unispek H 700 photoelectric spectro
photometer.
A Bausch and Lomb Spectronic 20 colorimeter with
a red filter and IP -4 0 photo tube was used for ab
sorption measurements in the longer wavelength region
(6 0 0 — 900 mM).
The IR spectrum of copper soap was measured with
a double beam IR spectrophotometer (Perkin-Elmer,
Model 337) using Nujol over the region between
4000 cm-1 and 400 cm- 1 .
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Results and D iscussion
It has been shown by many workers that copper
salts of both saturated and unsaturated fatty acids
have binuclear structures in solid state and hence the
magnetic moments of copper soaps are anomalously
low as compared to those of copper (II) salts. The
magnetic susceptibility data of copper soaps have been
explained by J o t h a m and K e t t l e 2 on the basis of a
model which incorporates spin-exchange and metalmetal bonding and the anomalous paramagnetism has
been related to the interactions between two adjacent
copper (II) ions. Such interactions have been suggested
on the basis of the short Cu-Cu distance observed for
these dimeric molecules. It is suggested that if the
binuclear structure of copper soap exists in solutions
the magnetic moment of copper soap will retain their
low values. But the moment will rise to the value
usually observed for copper (II) salts provided that
the binuclear structures are destroyed in solutions. The
values of the magnetic susceptibilities and magnetic
moments of copper ions in copper soap in pure dioxane, pure ethanol, and in their mixtures at room
temperature are given in Table I.
Table I. Values of the molar magnetic susceptibili
ty xcn and magnetic moment n of copper ion in capry
late solutions in dioxane-ethanol mixtures.
Vol. %
of
ethanol

Cone,
of soap sol.
[g moles/1]

[°C]

0
20
40
50
60
80
100

0.01
0.01
0.01
0.01
0.01
0.01
0.01

27.0
26.8
26.7
27.6
27.0
27.5
27.0

Xcu x 10«
[C.G.S. units] [B.M.]
637
689
716
750
801
871
946

1.18
1.23
1.26
1.30
1.34
1.40
1.51

The anomalously low values of the magnetic mo
ment of copper ions in copper soap in pure dioxane,
pure ethanol, and in their mixtures reflect the presence
of a direct copper to copper exchange interaction
arising from the binuclear configuration as shown in
the previous communication l.
It has been observed that the magnetic moment of
copper ions in copper soap in dioxane solutions is
lower as compared to that in solid state (copper soap).
In fact any residual intermolecular exchange forces
present in the solid would surely be eliminated in the
solution and thereby should raise the moment in dio
xane (as compared to that in the solid) as in the case

of ethanol. It is suggested that this additional lowering
of magnetic moment, as well as the marked solvating
power of dioxane for copper soaps, reflects the forma
tion of binuclear [Cu2( R C 0 2)4 •(C 4H 80 2)2] molecules
in this solvent. The presence of dioxane molecules in
the two terminal positions would then appear slightly
to enhance 3dd— 3d<5 overlap with a concomitant de
crease in the magnetic moment.
It may be pointed out that the values of magnetic
moment increase as the vol. °/o of ethanol increases.
This shows that ethanol replaces dioxane from the two
terminal positions.
It is also observed that the magnetic moment of
copper ions of the soap solutions in ethanol is higher
than the corresponding values in solid copper soap.
This may be ascribed to the fact that the residual ex
change intermolecular forces existing in the solid state
are eliminated in the solution; thereby results the in
crease in the magnetic moment of copper ion in soap
solutions.

Spectrophotometry
The absorption spectra, in the visible and ultraviolet
regions, are characterised by an absorption band at
360 m/u in pure dioxane, and at 375 m/u in pure ethanol
mixtures in addition to the usual copper band (6 5 5 —
695 m/^). The band at nearly 375 m^ has been reported
in the case of copper (II) soaps having binuclear struc
tures in solutions 3' 4. This band has much higher ener
gy than the usual d -*■ d transition 2. But it can only
be assigned to the vibronically allowed 5- 6 transition
between the copper (II) orbitals having C 4v local
symmetry in the soap. Thus the appearance of this
band in the case of copper soap solutions in pure dio
xane, pure ethanol and in their mixtures provides a
strong evidence for the existence of their binuclear
structure in these solutions.
It may be pointed out that the absorption maxima
for copper soap solutions in dioxane-ethanol mixtures
exist at 6 5 5 — 695 mfi whereas the maxima exist at
7 60— 800 m/u for cupric nitrate solutions. This shows
that the behaviour of copper soap in dioxane-ethanol
mixture is quite different from that of copper salts. It
is suggested that the maxima observed in copper soap
and copper salt solutions are due to the formation of
soap-solvent and metal-solvent complexes, respec
tively.
The absorption maxima for copper soap solutions
corresponding to copper band are at 6 5 5 — 660 m/u in

K. N. Mehrotra et al. • Magnetic and Optical Studies of Copper Caprylate
pure dioxane and at 6 9 0 — 695 mfj, in pure ethanol
and intermediate values are observed in their mixtures.
The displacement of absorption maxima with the in
crease of vol. °/o of ethanol may be due to the fact that
dioxane molecules at the terminal position in the
binuclear molecule [Cu2( R C 0 0 ) 4(C 4H 80 4)2] are be
ing replaced by ethanol.
The IR spectrum of copper caprylate has been
studied in the region between 4000 cm- 1 and 400 cm- 1 .
The most important part of the spectrum occurs at
about 1580 cm—1 which is assigned to the binuclear
configuration of copper soap. S a t a k e and M a t u u r a 7
have also pointed out that only one C-O antisym
metric stretching is observed in case of copper soaps
having binuclear structure. The occurrence of only one
such band in this region in the spectrum of copper
caprylate confirms the binuclear structure in the solid
state.
The present magnetic and optical studies completely
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establish the presence of dimeric molecules in copper
soap solutions in dioxane-ethanol mixture.
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